Experiment with varied water circulation periods having 4, 8, 12, and 24 hrs/day as T1, T2, T3 and T4, respectively in aquaponics, evaluated against a control (without aquaponics) revealed higher fish and plant growth in T3 and T4. The mean growth of fish varied significantly among treatments showing higher growth in T4 and control followed by T3, T2 and T1. Survival rate was 100% in all the treatments as well as control. Percentage weight gain, SGR (% day -1 ) also showed the similar trend as that of growth showing T4 as better treatment immediately followed by T3 then T2 and T1. The system maintained favourable water quality throughout the experiment. The growth in T3 and T4 did not vary significantly and was higher than the T1, T2 and control. Also percentage length gain at the end of the trial was maximum in T3 and T4. The Chl (a+b) content in the control was higher than all the treatments whereas, T4 showed the maximum concentration among treatments followed by T3, T2 and then T1. Comparison of all the growth attributes and water quality parameters indicated that water circulation can be reduced to 12 hrs/day for economically effective aquaponics and can be considered as optimum water circulation period for goldfish production in aquaponic system.
Introduction
Aquarium fishes are rapidly gaining importance not only because of their aesthetic value but also due to their immense commercial value in the export trade all over the world. Among ornamental fishes, goldfish, Carassius auratus (Linnaeus, 1758) of the Cyprinidae family remained popular. Due to ever growing demand of goldfish, there is an urgent need to intensify its culture. Thus, high intensification of goldfish culture necessitates high water exchange, which also leads to pollution of the water bodies due to effluent discharge. Moreover, goldfish culture system requires a constant water supply which is generally not available in most of the places and especially in water scarce areas (Mozes et al., 2003) . The introduction of a recirculating aquaculture system (RAS) for intensive culture of goldfish can solve the above mentioned problems. Mostly recirculating systems are designed to replace 5-10% of the system volume daily with new water to prevent the buildup of nitrate-nitrogen concentration in the culture tank (Masser et al, 1999) . Aquaponic systems are recirculating aquaculture systems that incorporate the production of plants without soil. Aquaponic systems require substantially less water quality monitoring than separate hydroponic or recirculating aquaculture systems. Vegetables are candidate plants for use in recirculating hydroponic systems as they grow rapidly in response to the high levels of nutrients in aquaculture water. Different species of vegetables such as ice-lettuce, tomatoes, leaf lettuce, and basil have been successfully grown in aquaculture wastewater (Naegel, 1977; Quillere et al., 1995; McMurtry et al., 1997; Rakocy et al., 2006) . Now, there is a strong need for establishing a technology which allows for the efficient cultivation of these food groups while conserving freshwater and land resources. This study was aimed at optimizing the water circulation period suitable for aquaponic system.
Material and Methods
The experiment was conducted at wet lab of Department of Aquaculture, Central Institute of Fisheries Education, Mumbai, India. It consisted of four treatments, each having three randomly assigned replications. Different water circulation hours i.e. 4 hrs/day, 8 hrs/ day, 12 hrs/day and 24 hrs/day were assigned as four treatments, T1, T2, T3 and T4, respectively. Regular water exchange was followed in Control set in glass aquaria with three replicates. 12 rectangular fiberglass tank of 40 L capacity were selected for fishes and 12 round plastic tubs of 75 L capacity were selected for plantation. 3 glass aquaria each of 20 L capacity were selected as control for fish and control plants were planted in small plot (0.05 m -2 ) of field of the campus. Seed of spinach (Spinacea oleracea) was procured from the nursery allowed to grow for 15 days before transplanting into the experimental setup aquaponics.
Fry of Goldfish were stocked in each tank at 500 no. m -3 stocking density. The mean stocking size of fry was recorded by taking measurements of all fishes before stocking. The stocking size was 3.8 ± 0.003 cm and 1.5 ± 0.008 gm. Plants were transplanted from garden to experimental tubs at a stocking density of 28 plants per square meter. The stocking size of plants was 6.9 ± 0.117 cm. The fry were provided with artificial pelleted feed containing 35.01% protein, 8.31% lipid, 3.72% fibre, 10.12% ash at 5% of body weight twice a day (10.00 and 17.00 Hrs). All round tubs were filled with gravel upto the height of 15 cm and the water was circulated from the fish culture tank with air-lift pumps. Fishes and plants were sampled every 15 days to measure various growth parameters.
Water quality parameters viz., temperature, pH, dissolved oxygen, free carbon dioxide, total hardness, alkalinity, ammonia, nitrite and nitrate were recorded during the experimental period with an interval of 7 days using the standard methods outlined in APHA (2005) . Chlorophyll content of spinach was estimated according to method followed by Knudson et al. (1977) at the start and end of the experiment.
The data were subjected to analysis using statistical package SPSS version 16 in which one way ANOVA and Duncan's Multiple Range Test were performed at a significance level of (P < 0.05) at 95% confidence limit to know the significant difference between the treatment means for different parameters.
Results and Discussion
Recirculating aquaculture systems provide the benefit of low water consumption and high fish production but it also involves economic investment as electricity is consumed by pumps for water circulation. Advantage of aquaponic system cuts down this cost to some level by production of secondary crop of vegetables and improves a system's profit potential. The plants remove nutrients from the culture water and eliminate the need for separate and expensive biofilters (Rakocy et al., 2006) . The pH, temperature, dissolved oxygen, free CO 2 were maintained within the favourable ranges (Table 1) by the aquaponic system. Total alkalinity did not show any significant difference among all treatments but in control it was at lower levels. Total hardness was significantly higher in T4 than the other treatments (T1 to T3) and control. Different water circulation period affected TAN and Nitrite-N levels, which are toxic to the fish growth. TAN levels varied significantly and showed higher concentrations in control when compared with treatments. There was no significant difference among treatments but values showed decreasing trend with increasing water circulation periods. Nitrite-N concentration also did not show any significant variation but showed slight reduction with increase of water circulation. Lennard and Leonard (2004) in their comparative studies of reciprocating flow versus constant flow in an integrated-gravel bed-aquaponics system showed that constant flow treatment appear to remove more nitrate from culture waters than did reciprocating control treatments, but no significant differences was detected. Nitrate-N concentration of water, which is relatively harmless to fishes, was also found to be in the favourable range in all treatments. When the values of Nitrogen compounds of all the treatments were compared with control, values of control and treatments shown similarity and were within the acceptable limits. Thus, it can be concluded that, without water exchange aquaponic system maintains the water quality suitable for fish culture which is usually maintained by daily 20-30% water exchange in tank culture systems.
The mean growth of fish varied significantly among treatments showing higher growth in T4 and control followed by T3, T2 and T1 (Table 2) . Zarski et al. (2010) also conducted similar study to compare closed and semi-closed recirculatory system during intensive culture of goldfish. Goldfishes were stocked at 500 m -3 density. Semi-closed recirculating aquaculture system with 20% daily water replacement showed the better results. This also indicates that the growth of goldfish was better in the systems with better water quality. Survival rate was 100% in all the treatments as well as control. Percentage weight gain, SGR (% day -1 ) also showed the similar trend as that of growth showing T4 as better treatment immediately followed by T3 then T2 and T1. (Table 3) as it was important factor for nutrients exposure to plants. The growth in T3 and T4 did not vary significantly and was higher than the T1, T2 and control. Also percentage length gain at the end of the trial was maximum in T3 and T4. These results indicate that, maximum growth was obtained in 12 and 24 hrs/day circulation periods because plants were exposed to nutrients for more time. The study conducted by Trang et al. (2010) showed that the water spinach, Ipomea aquatica, grown best in the flooded hydroponic sub-system which allows maximum surface area and time for nutrient utilization to plants. This result also supports the values of TAN and Nitrite-N in these treatments. As plants used more nutrients, the values of Tan and Nitrite-N were lower.
Leaf chlorophyll content provides valuable information about the physiological status of plants (Gitelson et al., 2008) . Chlorophyll gives an indirect estimation of the nutrient status because much of the leaf nitrogen is incorporated in Chlorophyll (Filella et al., 1995) . Chlorophyll content of plant is also an indicator of the health status of plant. It was also affected by water circulation periods. The levels of Chl (a+b) in the leave shown increasing trend with the increase in water circulation periods. The Chl (a+b) content in the control was higher than all the treatments whereas, T4 showed the maximum concentration among treatments followed by T3, T2 and then T1.
The lower levels of TAN and Nitrite-N might have caused higher growth of fishes in T3 and T4. It may be due to the increased water circulation period which allows plants to strip more nutrients from the water. From the overall results, it can be concluded that the water circulation period can be reduced from 24 hrs/day to 12 hrs/day www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 4; 2013 to make the aquaponic system economically efficient which gives better yields of fish as well as plants and minimizes the electricity consumption. 
